Abstract. 2014 A method for increasing the sensitivity of ultrasonic interferometers through the use of phase (or amplitude) modulation and lock-in detection of the signal is described. The operation of such a modulated interferometer is analyzed and factors affecting performance are discussed. Experimental results are given which show that the system has good sensitivity for the detection of small ultrasonic velocity changes.
Revue Phys. Appl. 15 (1980) [1, 2] . Particular experimental requirements and the availability of apparatus usually determine the method to be used in any specific case. We describe in this article a method which differs in several respects from previous approaches. Two important characteristics of the present method are : (1) it has good sensitivity ; and (2) it is easily incorporated into existing ultrasonic pulse-echo interferometers.
In the usual interferometers [3] The apparatus can be used in two ways. In the first way, the phase modulation and lock-in detection are used simply to detect the minimum in the interference pattern. Eq. (9) shows that this minimum corresponds to zero output from the lock-in detector. Thus, the phase in the reference arm is adjusted and the value which causes the lock-in signal to pass through zero is recorded. This procedure results in a significant (~ 10 X) increase in sensitivity as compared to the determination of the minimum by observing the direct output of the boxcar integrator. In practice, the main limitation with this method is the resolution of the phase shifter.
The second way in which to use the apparatus is to record the lock-in output as the velocity, and hence fi, changes. Eq. (9) shows that the output is expected to be linear in fi. Of course this is true only for a narrow range around zero because, (i) higher order terms have been neglected, and (ii) no allowance has been made for the fact that, as balance is destroyed, the rf amplifiers approach saturation and have less gain than at low level. In practice, it is best to take a calibration curve just prior to, or just after, taking the data. The output of the lock-in is recorded for various reference arm phase settings around zero. A typical calibration curve is shown in figure 2 . The range of linearity and the slope of the curve depend on the level of the rf signal and the particular amplifiers used. This method overcomes, to a limited extent, the problem of resolution of the phase shifter as it is possible to interpolate between calibration points. In using this method it is necessary to exercise some caution with regard to the attenuation, because a change in attenuation will unbalance the system and may change the calibration curve. This problem does not arise when the system is used for zero detection.
As eq. (9) shows, sensitivity is increased by operating with a high value for AR (and hence As). This increased sensitivity occurs at the expense of a reduced range, however, and in practice it is necessary to use a signal level which gives a reasonable compromise between high sensitivity and wide range. Figure 2 gives an idea of the sensitivity and range for our system. A relative variation of the acoustic velocity (039403C5/03C5) results in a phase shift given by where d is the sample thickness. A thin sample, a small velocity shift or a combination of the two may result in 1 being small.
We have used this system [4] to measure the temperature dependent velocity of 1 GHz acoustic waves which were propagated through a sample of fialumina perpendicularly to the c-axis. The objective of the experiments was to study the logarithmic variation of the velocity in the 0.1-5 K temperature range. The total expected variation of (Ov/v) was less than 2 x 10-4. In addition, the 
